Purpose: To describe the vitreoretinal interface of the asymptomatic fellow eyes of patients with acute unilateral posterior vitreous detachment (PVD) based on biomicroscopic examination and spectral domain optical coherence tomography.
P
osterior vitreous detachment (PVD) is defined as the separation of posterior vitreous cortex from internal limiting lamina of the retina. It is the consequence of changes in the macromolecular structure of gel vitreous that results in liquefaction, concurrent with alterations in the extracellular matrix at the vitreoretinal interface that allow the posterior vitreous cortex to detach from the internal limiting lamina of the retina. 1 The incidence of PVD varies in previous studies, incidence increases with advancing age. Favre and Goldmann 2 observed no PVD in patients between 10 years and 45 years, 6% incidence in patients between 46 years and 65 years, and 66% incidence in patients between 66 years and 86 years. Pischel 3 observed a 28% overall incidence of PVD and 53% incidence in patients older than 50 years. Hayreh and Jonas 4 noted PVD in 37% (bilateral in 27.5% and unilateral in 9.7%) of 1,481 subjects (2,962 eyes).
For patients with unilateral PVD, 8% developed a PVD in the second eye within 6 months, 24% within 1 year, 47% within 18 months, 65% within 2 years, 80% within 30 months, and 90% within 3 years. 5 Thus, PVD develops frequently in the fellow eye from 6 months to 2 years after development in the first eye.
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None of the authors have any conflicting interests to disclose. 7 modified this system in a retrospective series of 43 eyes (40 patients) incorporating B-scan and intraoperative findings. The purpose of this study is to describe the vitreoretinal interface of asymptomatic fellow eyes of patients with acute unilateral PVD using spectral domain OCT (SD-OCT) and biomicroscopy, and to describe and develop a classification for the state of the vitreoretinal interface in these eyes that are at risk of undergoing vitreous separation as noted above. To our knowledge, this is the first SD-OCT-based study that focuses on this specific cohort of patients.
Methods

Study Population
With the approval of the Institutional Review Board of the University of California San Diego (UCSD) for chart review and data analysis, we retrospectively reviewed the charts and images of 112 patients who were scanned with a SD-OCT device to confirm acute PVD and to analyze the vitreous status of the fellow eyes that did not have symptoms or signs of complete PVD, over a 9-month period (March 2012 through November 2012) at the Jacobs Retina Center of the UCSD Shiley Eye Center. Patients were scanned because of symptoms suggestive of unilateral acute PVD (such as recent onset of floaters or photopsia, or recent increase in floaters) with a clinical diagnosis of PVD (defined as either a Weiss ring or a clearly defined posterior hyaloid membrane detected floating in the vitreous cavity) in the presenting eye. Scans were performed for these clinical indications and eyes analyzed were the fellow asymptomatic eyes. We excluded eyes with any retinal or choroidal disease such as retinal detachment, retinovascular disease, AMD, or diabetic retinopathy; a history of previous ocular surgery; eyes with refractive errors of .−10.00 diopters (D) or .+5.00 D; or media opacities that prevented good visualization of the fundus.
Before imaging, all patients underwent ophthalmic examination, including best-corrected visual acuity and fundus examination performed by a retina specialist using either a 78 D or 90 D indirect lens. The study was conducted in adherence with the tenets of the Declaration of Helsinki.
Scanning Protocol
Eyes were imaged by trained physicians (F.M., C.A., G.B.) using a SD-OCT device coupled with simultaneous scanning laser ophthalmoscope (cSLO; Spectralis HRA + OCT, Heidelberg Engineering, Carlsbad, CA). The SD-OCT device scans the posterior retina at 40,000 A-scans per second, with an axial resolution of 7 mm using a light source of 870 nm. The instrument is equipped with retinal tracking technology (TruTrack Active Eye Tracking software, Heidelberg Engineering, Carlsbad, CA), which enables real-time simultaneous imaging while tracking and correcting eye movement. In addition, the instrument uses image-averaging technology to obtain multiple images from the same exact location. These images are combined, thus obtaining a significant reduction of speckle noise. 8 The acquisition protocol was set up following a previously described method.
9 A 9-mm linear OCT cursor focused on the retinal surface was moved throughout the posterior pole using a simultaneous near-infrared image as a landmark. The focus of the near-infrared image was then slightly moved toward plus values to highlight the vitreoretinal interface on OCT scan, including the premacular pocket and the posterior vitreous architecture within 1 mm from the retina itself. Multiple horizontal and vertical 9-mm B-scans centered on the foveola and optic disk were acquired using at least 25 frames of image averaging. If the vitreous cortex was not detected on OCT scans, the operator proceeded with a careful analysis of the vitreous cavity as follows: using the near-infrared image centered on the optic disk as a landmark, the operator progressively focused anterior to it. The nearinfrared image was used for the initial detection of the Weiss ring that, when seen, was centered and sharply focused. The cursor of the OCT scanner was swept in the same area, and scans were acquired using at least 25 frames of image averaging.
Image Analysis
The images were reviewed on a computer unit with 2 monitors of the same type with identical specifications and user settings (1,280 · 1,024 pixels, 17-inch liquid crystal display monitors). This was done specifically to avoid monitor-induced differences. Original software from Spectralis was used to review the images. The images were reviewed separately by two physicians (F.M. and C.A.). The state of vitreous separation or detachment from the retina in different locations (i.e., in the foveola, fovea, extrafovea, and optic nerve) was assessed and graded as either attached or detached in each of the four regions. Figure 1 , A and B illustrates these specific retinal locations in infrared reflectance image and SD-OCT scan. We used the definition of the posterior pole regions that was described in the Gass' Atlas of Macular Diseases 10 : The foveola is the floor of the fovea measuring 350 mm in diameter; the fovea is 1500 mm in diameter; the parafovea is a 500-mm-wide ring surrounding the fovea; and the perifovea is a 1500-mm-wide ring surrounding the parafovea. The extrafoveal area includes the parafoveal and perifoveal areas, which typically extend to the vascular arcades outlining the clinical macula.
We also evaluated the presence of a premacular pocket, defined as a large optically empty cavity of liquified vitreous in the premacular area resulting from progressive liquefaction of the posterior vitreous that occurs with aging demonstrated in Figure 2 .
Statistical Analysis
Cohen's kappa was computed to test the agreement between the two observers.
Ordinal regression was used to analyze the relationship between PVD grading and sex, age, and spherical equivalent, using vitreous grading as a response. Logistic regression was used to assess the association between the presence of a premacular pocket and PVD grading. Chi-squared analysis was performed to assess the probability of identifying certain vitreoretinal interface configurations. All analyses were performed with SAS 9.2 software (SAS Institute Inc, Cary, NC), and the difference was considered to be significant when P , 0.05.
Results
A total of 65 fellow eyes (of 65 patients with acute unilateral PVD) met criteria and were included in this study. Table 1 shows the subject demographics. The mean age was 57 years (range, 20-75 years) and the majority of patients were women (69.23%). The mean spherical equivalent was −1.93 D (range, +3.87 D to −9.25 D).
The agreement between the two observers in PVD grading was excellent (kappa = 0.94 in cases of PVD, kappa = 0.91 in the absence of PVD). There was also very good agreement in the grading of premacular pocket (kappa = 0.88).
We reviewed all the high-resolution SD-OCT images to assess all the possible configurations of PVD from specific sites in the retina, namely the foveola, fovea, extrafovea, and optic nerve ( Table 2 ). Only 5 of 16 possible PVD configurations were observed. The vitreous at the optic nerve head was never detached when it was still attached at any other location. The vitreous at the foveola was never detached when the vitreous at the margin of the fovea or extrafoveal areas was still attached. Foveal vitreous detachment did not occur when the vitreous in the extrafoveal area was still attached. The probability of finding one of these 5 configurations was significantly higher than finding any of the other 11 (unobserved) possibilities (Chi-square, 30.9; P , 0.0001).
Based on these possible PVD combinations, we developed a PVD grading system ( Table 3 ) that reflects the apparent chronology of vitreous separation based on our observations, starting from the extrafoveal area, then the margin of the fovea, eventually involving the foveola, and lastly the optic nerve. Figures 3 and 4 illustrate typical OCT findings of each PVD stage which we classify as follows: Stage 0: No PVD present Fig. 1 . Regions of the posterior pole in an infrared reflectance image (A) and in an OCT scan (B). The foveola is the floor of the fovea measuring 350 mm in diameter; the fovea is 1500 mm in diameter; the parafovea is a 500-mm-wide ring surrounding the fovea; and the perifovea is the 1500-mm-wide ring surrounding the parafovea. The extrafoveal area includes the parafoveal and perifoveal areas, which typically extend to the vascular arcades outlining the clinical macula. We classified the eyes according to the PVD grading system we developed and also looked for the presence of premacular pocket in all of these eyes. The findings are listed in Table 4 ; 13.85% of the study eyes had no PVD, the rest of the eyes were evenly distributed among the different stages. The PVD stage was significantly correlated with age and spherical equivalent but not sex. With increasing age (corrected for sex and spherical equivalent), there was a higher stage of PVD (P = 0.0003). The higher the degree of myopia (spherical equivalent), also corrected for age and sex, the higher the stage of PVD (P = 0.0087). There was no intersexual difference of PVD stages (P = 0.252).
Discussion
Age-related PVD starts from gel liquefaction and formation of pockets of liquid within the central vitreous that gradually coalesce. With advancing age, the liquefied lacunae increase in number and size, and coalescence. There is liquefaction of at least 50% of the gel in most individuals older than 70 years. In addition, there is a concurrent weakening of the adhesion between the posterior vitreous cortex and internal limiting membrane. Eventually, this progresses to PVD, where the liquid vitreous dissects the residual cortical gel away Detached from the internal limiting membrane on the inner surface of the retina as far anteriorly as the posterior border of the vitreous base. 7, 11 It has been known, and confirmed in our study, that PVD is related to age and refraction, and also that the prevalence of PVD is higher in women than in men; however, once PVD has occurred in one eye, the stage of PVD progression in the fellow eye does not vary by gender. In an essay that Johnson published, he surmised that age-related PVD begins in the perifoveal region based on topographic variations in strength of the vitreoretinal adhesion. He did not provide quantitative data in this study; just his impressions from his imaging experience. The vitreous is attached to the retina most firmly in areas where internal limiting membrane is thinnest, including the vitreous base, along large retinal vessels, the optic disk margin, and the 500-mm diameter foveola. He stated that his observations suggest that the central 500-mm foveolar area and the margin of the 1500-mm fovea are sites of firm vitreoretinal adhesion. 7 This study supports the assertion that the foveolar area is a site of firm vitreoretinal adhesion because it is the last to detach in the macular area, before the vitreous detaches from the optic nerve.
The assessment of PVD is important because during acute PVD, there is increased risk for retinal tears, vitreous hemorrhage, or even rhegmatogenous retinal detachment. Patients with unilateral acute PVD tend to develop PVD in the fellow eye from 6 months to 2 years after development in the first eye. 5 To the best of our knowledge, there are no studies that have been published regarding vitreoretinal interface changes and the evolution of PVD, in the fellow eye at the time of the occurrence of acute PVD in the first eye, with the assistance of SD-OCT that can truly reveal the details of the vitreoretinal interface.
The objective of this study was to describe the vitreoretinal interface of the asymptomatic fellow eye of patients with acute unilateral PVD using SD-OCT. Based on the data analyzing vitreous attachments to the fovea, extrafoveal area, and optic nerve, the state of advancement of vitreous detachment seems to evolve over time. A probability analysis using permutation calculation suggests it is highly unlikely that an unobserved PVD configuration exists (chi-squared P , 0.0001). We therefore propose a SD-OCT-based classification system that describes the evolution of PVD in these eyes. Vitreous detachment starts at the extrafoveal area of the posterior pole, followed by the margin of the fovea, initially involving only one quadrant and gradually progressing to involve all four quadrants, until the entire fovea including the foveola is detached. The vitreous finally detaches from the optic nerve.
Posterior vitreous detachment in fellow eyes could be present in zero to four perifoveal quadrants, but it seems to evolve in a spreading fashion with adjacent quadrants detaching before opposite quadrants. For instance, we did not find any partial PVD involving opposing quadrants such as the superior and inferior quadrants without also affecting adjoining quadrants. Though limited by only six observations of two quadrants detached, these findings may suggest that while a PVD can start in any quadrant of the extrafoveal macula, it spreads to the adjacent quadrants in an encircling pattern. Gravitational forces would seem to have little or no influence in this mechanism.
Previous studies have classified PVD into different stages and have suggested the chronology of vitreous detachment. Uchino et al 6 used time domain OCT, not SD-OCT to assess the vitreoretinal interface in normal healthy middle-aged individuals. Johnson 12 employed B-scan ultrasonography and time domain OCT to analyze the vitreoretinal relationship in eyes with idiopathic macular disorders caused by vitreomacular traction associated with early stages of age-related PVD. He did not use SD-OCT or eyes at high risk for subsequent PVD (i.e., fellow eyes of eyes with PVD). Ito et al 13 used time domain OCT mapping in eyes with idiopathic macular holes and suggested that PVD begins in the perifoveal macula, extends next into the superior and temporal midperiphery (possibly because of gravitational effects), and then into the fovea, the inferior midperiphery, and finally the optic disk margin, resulting in complete PVD. He did not study eyes without macular pathology nor did he use SD-OCT.
There are several differences in our study compared with the previous studies stated above. First, SD-OCT imaging was used in this study, which has a higher resolution and can reveal more specific changes and details of the vitreoretinal interface compared with time domain OCT. We specifically looked for hyaloid structures in our patients. Second, the fellow eyes of patients that had an acute symptomatic PVD, which are predisposed to getting PVD, were specifically studied. Third, the evolution of PVD was assessed in different quadrants at the extrafoveal and foveal areas as described above.
In our study, the fellow eyes were evenly distributed among the different PVD stages. This illustrates that the fellow eyes of patients with acute PVD may present at any stage of partial PVD, typically without symptoms. Fellow eyes should be evaluated for peripheral or posterior pole pathology, particularly to rule out asymptomatic peripheral retinal breaks. Although slit-lamp biomicroscopy is adequate to identify most cases of complete PVD, the use of SD-OCT is superior in assessing the complex relationship between the vitreous and the fovea, and staging incomplete PVD.
Identifying the presence or absence of a premacular pocket was taken into consideration because it can easily be mistaken for a PVD. The thin layer of the posterior cortical vitreous gel lying on the inner surface of the macula is not visible biomicroscopically, whereas the anterior interface of the pocket may be visible and mistaken as detached posterior hyaloid. The utilization of SD-OCT makes a clear distinction between the premacular pocket and the posterior hyaloid, allowing for a straightforward diagnosis of PVD.
Interestingly, the premacular pocket is most frequently present in eyes without PVD and in the early stages of PVD (Stages 1 and 2), with a sharp decline in Stage 3 PVDs. Although we can explain fewer premacular pockets in Stage 4 PVDs on the basis of anterior migration of the posterior hyaloid rendering it difficult to image, Stage 3 posterior hyaloid is still relatively posterior and readily imaged. Instead we hypothesize that fluid from the premacular pocket breaks through a small (theoretical) hole in the posterior vitreous interface, accelerating detachment by expanding this potential space. Alternatively the fluid from the premacular pocket may have dissipated anteriorly into the vitreous with secondary contraction of the posterior hyaloid and progression of the PVD. It is also consistent with adjacent expansion of the foveal quadrants of PVD described above, and is supported by observations that the posterior vitreous membrane tends to thin or become disrupted over the fovea (Figures 3 and 4) .
In summary, we describe the vitreoretinal interface of asymptomatic fellow eyes of patients with acute unilateral PVD based primarily on SD-OCT in conjunction with biomicroscopy. Based on our observations that a limited number of possible PVD combinations occur, a detailed PVD staging system based on SD-OCT that describes the evolution of PVD in asymptomatic eyes is proposed. Posterior vitreous detachment seems to evolve in an encircling pattern involving adjacent quadrants consecutively. This can be used as a guide in predicting the occurrence and evolution of PVD in asymptomatic fellow eyes of patients with acute unilateral PVD.
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